Lycopus lucidus root, harvested from two sites at three different times, was analysed for nutritional profiles; phenolics by HPLC-MS and NMR; enzymatic activity of phenylalanine ammonia-lyase (PAL), tyrosine aminotransferase (TAT), cinnamic acid 4-hydroxylase (C4H), and polyphenol oxidase (PPO); and DNA damage protective effect. The results showed that the moisture first increased and then decreased, and the crude fat and crude fibre increased continuously during the harvesting period. Sucrose and fructose were the predominant sugars with different changing patterns. Linolelaidic, linoleic, palmitic, and stearic acids were the predominant fatty acids. No significant difference was observed of vitamin B 2 accompany with an increase of vitamin C with the harvest time delayed among the three harvest times investigated. Caffeic, rosmarinic, and protocatechuic acid; rosmarinic acid methylester; protocatechualdehyde; Danshensu; 3, 4-dihydroxyphenyl caffeate; and N-trans-feruloyl tyramine were identified in L. lucidus root and their variations were discrepant in the period of harvest. There was no significant correlation between phenolics and enzymatic activity except for insoluble cell-wall-bound phenolics (ICP) and C4H, as well as protocatechualdehyde and TAT. The FP exhibited higher DNA damage protective activity than ICP.
Introduction
Lycopus lucidus Turcz. (L. lucidus) is an herbaceous perennial species of the Lamiaceae family that grows on lakesides and riversides of East Asia and North America. [1] In China, it grows mainly in Yunnan, Sichuan, Hebei, Liaoning, Shandong, and Guizhou provinces. L. lucidus has been used as a traditional medicine in eastern Asian countries for the treatment of disorders of menstruation, amenorrhea, menstrual cramps, cardiovascular diseases, inflammation, oedema, bellyache, traumatic injury, rheumatic arthritis, and thyroid. [2] [3] [4] A few pharmacological researches have demonstrated that L. lucidus has versatile biological activities, including antioxidant activity, antimicrobial activity, anticancer, [3] [4] [5] [6] inhibition of high glucose induced vascular inflammation, [7] hypoglycemic and hypolipidemic effect, [8] immune activity, [9, 10] anti-allergic effect, [11] and acaricidal activity. [12] More importantly, the aqueous extract of L. lucidus can ameliorate streptozotocin-induced diabetic renal damage. [13] Previous phytochemical investigations of L. lucidus mostly focused on the aerial parts or the whole plant, which have been resulted in the isolation of several phenolic compounds, Analysis of total sugar, fructose, sucrose, and glucose
The content of total sugar was measured by Fehling reagent. Fructose, sucrose, and glucose were analysed as described previously [19] with some minor modifications. Two grams of L. lucidus root powder was dissolved in 50 mL distilled water, and 5 ml 1.2 mol/L Zn(CH 3 COO) 2 and 0.25 mol/L K 4 [Fe(CN) 6 ] were slowly added, respectively. The total volume was then adjusted to 100 mL with distilled water. The supernatant was filtered through a Millipore membrane (0.45 μm) and used for HPLC analysis. A chromatographic separation of sugars involved acetonitrile: water (85: 15, v/v) as the mobile phase at a flow rate of 1.0 ml/min with Waters (c) Prevail Carbohydrate ES (5 μm, 250 mm × 4.6 mm) column. The injection volume was 20 μl and the column thermostat was set at 40°C. Eluted peaks were detected with a refractive index detector. Results for the sugars were expressed as gram per 100 g dry weight (DW).
Analysis of crude fat and fatty acid composition
Crude fat content was determined by Soxhlet extractor method. L. lucidus root oil was extracted three times (each extraction for 30 min) with mineral ether assisted by ultrasonic at room temperature, and methyl esters of oil samples were prepared according to the method of Sarin, Sharma, and Khan. [20] The fatty acid composition was analysed using an Agilent 7890A-5977A (Agilent, California, USA) gas chromatography-mass spectrometry (GC-MS) system equipped with a MDS detector and a fused silica capillary Agilent Technology HP-5ms column (30 m × 250 μm × 0.25 μm). Peaks of fatty acid methyl esters were identified by comparing their retention time and mass spectra with that of the known standards, and then the quantitative data were calculated from their linear calibration curves of authentic standards under analysis conditions. Results for the fatty acids were expressed as milligram per gram oil.
Analysis of main water soluble vitamins
Vitamin B 1 , B 2 , B 6, and C were determined by reference to the method of Chinese standard GB 5413.11-2010, GB 5413.12-2010, GB 5413. , and SN/T 0744-1999, [21] [22] [23] [24] respectively. The vitamin contents were expressed as milligram per 100 gram DW.
Analysis of phenolics
Phenolic Content: Free (FP) and insoluble cell-wall-bound phenolics (ICP) were extracted from the L. lucidus roots. Extraction was based on a procedure as described previously. [25] The phenolic content was determined according to the Folin-Ciocalteu colorimetric method as described by Lu et al. [6] The analysis of phenolic composition was carried out using an Agilent1200 HPLC chromatograph system (Agilent, California, USA) and interfaced with an Agilent 1100 LC/MSD Ion Trap (Agilent Technologies) mass spectrometry (MS) with an electrospray interface (ESI). Separation was performed using a reversed-phase C18 column (Agilent, ZORBAX SB-C18, 5 μm, 4.6 mm × 250 mm). The prepared phenolic extracts were filtered through a Millipore membrane (0.45 μm) before injection. The mobile phase flow was split before the MS in order to give an effective flow of 0.3 mL/min to the MS. The MS was performed to operate in mode scanning from m/z 100 to 850. Mass spectra were acquired in negative or positive mode with source voltage of 4.0 kV, capillary temperature of 350°C, and capillary voltage of −85.5 V. Nitrogen was used as the drying gas at 8 L/min and 365°C.
NMR experiment
Compounds 2 and 3 were obtained by collecting the gradient elution according to the retention time and dissolved in CD 3 COCD 3 and CD 3 OD, respectively, for the determination of 1 H and 13 C NMR.
NMR spectra were recorded on a Bruker Avance III-400 spectrometer (Bruker BioSpin GmbH, Beijing, China) and tetramethylsilane (TMS) was used as an internal standard. The chemical shifts in the NMR spectra were recorded as δ values. All of the NMR data were reported in the article were derived from 1 H NMR, 13 C NMR, HMQC, COSY, and HMBC experiments.
Determination of PAL, TAT, C4H, and PPO activity
The enzymatic activity of phenylalanine ammonia-lyase (PAL), tyrosine aminotransferase (TAT), and cinnamic acid 4-hydroxylase (C4H) was measured as described by Zhang et al. [26] with slight modifications. For the determination of PAL, fresh L. lucidus root (0.3 g) were homogenized with 5 mL of cold extraction buffer [0.05 mol/L sodium borate buffer (pH 8.8), containing 5 mmol/L of β-mercaptoethanol, 1 mmol/L of EDTA-Na 2 , 5% of glycerol (v/v) and 5% of polyvinylpyrrolidone (PVP) (w/v)]. The homogenate was filtrated and the supernatant was used as a crude enzyme. The reaction mixture consisted of 0.2 mL of the crude enzyme, 2 mL of sodium borate buffer (pH 8.8), 1 mL of L-phenylalanine (0.02 mol/L), and 1 mL of distilled water. After incubation at 37°C for 60 min, 0.2 mL of HCl (6 mol/L) was added to the mixture to stop the reaction. Then the absorbance value of the sample was measured at 290 nm.
For the determination of TAT, the reaction mixture consisted of 0.3 mL of enzyme extract, 3 mL of potassium phosphate buffer (0.2 mol/L, pH 7.2), 0.2 mL of α-ketoglutarate (10 mmol/L), 0.2 mL of L-tyrosine (88 mmol/L), and 0.1 mL of pyridoxal phosphate (0.2 mmol/L). After incubation at 37°C for 30 min, 1 ml of NaOH (10 mol/L) was added to the reaction mixture to stop the reaction. Then the absorbance value of the sample was measured at 331 nm.
For the determination of C4H, the reaction mixture consisted of 0.3 mL of enzyme extract, 0.2 mL of cinnamic acid (50 mmol/L), 0.2 mL of NADPH (0.25 mg/mL), and 3 mL of potassium phosphate buffer (0.1 mol/L, pH 7.2). Then the reaction mixture was incubated for 30 min at 30°C. The reaction was stopped with 0.2 mL of HCl (6 mol/L) and readjusted to pH 11 with NaOH (6 mol/ L). Absorbance value of the sample was measured at 340 nm.
For the determination of PPO, L. lucidus root (0.3 g) were homogenized with 5 mL of cold phosphate buffer (0.2 mol/L, pH 6.0), and then centrifuged at 3000 rpm for 10 min at 4°C. The supernatant was used as a crude enzyme extract. The reaction mixture consisted of 0.2 mL of enzyme extract, 2 mL of phosphate buffer (0.2 mol/L, pH 6.0), and 1 mL of pyrocatechol (10 mmol/L). The mixture was incubated at 30°C for 30 min. Absorbance value of the sample was measured at 410 nm. The enzymatic activity was expressed as unit per gram fresh weight (FW) per hour.
Determination of DNA damage protective effect
Peroxyl radical-induced plasmid DNA relaxation assay was performed according to the method of Chang et al. [27] with some modifications. Trolox (100 μg/mL) was used as positive control.
Statistical analysis
All the experiments were performed in triplicates and the results were expressed as mean ± standard deviation (SD). Analysis of variance (ANOVA), Tukey's multiple range test and t-test were carried out to determine significant differences (p < 0.05) between the means by SPSS (version 17.0). Correlation coefficient and regression analysis were determined by SPSS (version 17.0) Pearson correlation program.
Results and discussion

Nutritional profiles at different harvest times
Nutritional profiles in L. lucidus root at different harvest times are presented in Table 1 . The moisture content first increased and then decreased regardless of the harvest site and a significant difference was observed between T2 and T3 roots collected in S2. Additionally, the moisture content in S1 root was lower than that in S2 root. This difference could be attributed to the divergence in water content in the soil. The crude fibre content increased continuously to the highest concentration by the end of harvest regardless of the harvest site. Crude fibre mainly occurs in cell wall of plants. Therefore, the variation of crude fibre is probably related to the synthesis of cell wall during the development of L. lucidus root growing processes. Contrary to moisture content, the crude fibre content in S1 root was higher than that in S2 root, which could be due to the divergence in field management, irrigation, and fertilization. The changes of total sugar content were different between S1 and S2 L. lucidus roots at different harvest times. No significant change was found in S1 L. lucidus root with the harvested time delayed, whereas it first decreased by 13.69% and then increased by 2.30% for S2 L. lucidus root. Meanwhile, the data indicated that the content of total sugar in S1 L. lucidus root was higher than that in S2 L. lucidus root. Fructose, sucrose, and glucose were also analysed for L. lucidus root at different harvest times. The results revealed that sucrose was the most abundant sugar, followed by fructose and glucose was not detected. The sucrose and fructose contents followed different changing patterns during the harvesting period. For S1 L. lucidus root, no significant variation of sucrose content was observed with the harvested time delayed, whereas fructose content increased significantly to 2.54-fold in T3 root compared with that in T1 root. For S2 L. lucidus root, the contents of sucrose and fructose decreased significantly by 14.26% and 47.89% from T1 to T2, respectively, and then no obvious changes were observed by the end of harvest. Additionally, the sucrose content of S1 root was higher than that of S2 root.
Sugars play an important role by providing energy for metabolic changes and the accumulation of which in the plant is determined by the balance of biosynthesis, transportation, and storage. It has been reported that various factors such as soil moisture, combined drought and heat stress, origin, harvesting date, cultivar, ripening stages, photoperiod, growth temperature, cold acclimatization, and hot air treatment could influence the sugars in plant materials. [28] [29] [30] [31] [32] Variations of total sugar, fructose, and sucrose in L. lucidus root affirmed the influence of harvest time, growing conditions, cultivation techniques, and origin on production and release of sugars. It was worth mentioning that germination occurred in L. lucidus root during the later period of harvest. It is known that germination could consume the nutritional components, especially of sugars in the rhizome of plant materials for the growth and development of sprouts due to a series of chemical and enzymatic alterations. The significant decline of total sugar, fructose and sucrose from T1 to T2 in L. lucidus root collected in S2 might be closely related to more germination. The content of crude fat increased continuously by 16.84% and 10.56% to the highest concentration by the end of harvest for L. lucidus root collected in S1 and S2, respectively (Table 1) , which was in consistent with the previous studies that as the fruit and vegetable developed, the lipid content increases. [33, 34] Besides, it was found that the crude fat content in L. lucidus root collected in S1 was significantly higher than that in L. lucidus root collected in S2.
The fatty acid compositions of L. lucidus root oil at different harvest times are presented in Table 2 . A total of 33 different fatty acids including 15 saturated fatty acids, 8 monounsaturated fatty acids, and 10 polyunsaturated fatty acids were investigated in L. lucidus root oil. The changes of total fatty acids are different between S1 and S2 L. lucidus roots during the period of harvest. It decreased continuously by 14.25% to the lowest concentration by the end of harvest for S1 L. lucidus root. In contrast, it increased continuously by 50.80% to the highest concentration by the end of harvest for S2 L. lucidus root. Thirteen saturated fatty acids were detected and palmitic and stearic acids were the major saturated fatty acids. Six monounsaturated fatty acids were detected and tetracosenoic, heptadecenoic, and 11-Eicosenoic acids were the major monounsaturated fatty acids. Nine polyunsaturated fatty acids were detected and linolelaidic and linoleic acid were the major polyunsaturated fatty acids. As a whole, the variation tendency of the mostly fatty acids paralleled the changes in total fatty acids. Differences in individual fatty acid content between S1 and S2 root were also found. Generally speaking, the content of individual saturated and monounsaturated fatty acid in S2 root was found to be significantly higher than that in S1 root collected at T3, and the content of individual polyunsaturated fatty acid in S2 root was significantly higher than that in S1 root during the harvesting period. Fatty acid composition is the characteristic feature by which the quality and possible uses of a given oil can be directly delivered. [33] Shifts in membrane fatty acid composition are a way for plants to protect membrane stability, integrity, and function by increasing the proportion of unsaturated fatty acids. [35] Lipid biosynthesis can be affected by environmental factors. The general categories of environmental factors affecting lipid levels and metabolism are light; temperature; water stress; soil constituents; atmospheric constituents; and other factors, such as physical damage and pest attack. [36] In view of this, the significant variations in the crude fat content and fatty acid compositions in L. lucidus root collected from different sites during the harvesting period were the result of interaction of various factors.
It was also interesting to note that the changing pattern of the total fatty acids was contrary to the crude fat in L. lucidus root collected in S1 during the harvesting period, indicating that unidentified compounds including triglycerides and phytosterols has made a significant contribution to the variation of crude fat. In addition, higher amounts of linoleic acid were detected in L. lucidus root oil, which makes the oil with high nutritive value.
Four water soluble vitamins including vitamin B 1 , B 2 , B 6, and C were determined in L. lucidus root at different harvest times ( Table 1 ). The obtained results revealed that vitamin B 1 and B 6 were not detected in L. lucidus root. However, L. lucidus root contained high concentrations of vitamin B 2 and vitamin C. No significant difference of vitamin B 2 content was observed during the harvesting period in both S1 and S2 L. lucidus roots. The vitamin C content increased by 23.08% to the highest concentration at T2 and no obvious changes were observed from T2 to T3 for S1 L. lucidus root, and it increased continuously to 2.34-fold to the highest concentration by the end of harvest for S2 L. lucidus root. Additionally, no significant differences of vitamin B 2 contents were observed between S1 and S2 roots. However, there were significant differences of vitamin C contents between S1 and S2 roots at each harvest time. That is, in S1 root it was significantly higher than that in S2 at both T1 and T2, while at T3 it was significantly lower than that in S2. Unapparent variation of vitamin B 2 content in L. lucidus root at different harvest times indicated that the biosynthesis of this vitamin was slightly affected by the growing conditions and developmental stage. The ideal low temperature acclimatization period increases the ascorbic acid content in plant foods. [37] It has been reported that low temperature and cold stress increased the vitamin C content in broccoli and spinach. [19, 38] The significant increase of vitamin C content in L. lucidus root with the harvest time delayed could be attributed to the decrease of atmospheric temperature. L. lucidus root can well tolerate low temperature through a profound modification of its root metabolism, specifically related to its capacity to scavenge oxygen relative species (antioxidant activities), which results in a relevant rise in its ascorbic acid content in the root.
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Phenolics at different harvest times
The levels of FP, ICP, and total phenolic content (TPC) in L. lucidus root at different harvest times are presented in Table 1 . The FP content first decreased by 9.81% and 16.30% to the lowest level at T2 and then increased by 2.31% and 15.41% for S1 and S2 L. lucidus root, respectively. The ICP content first increased by 1.63-fold to the highest level at T2 and then decreased by 39.24% for the S1 L. lucidus root. However, it decreased continuously by 48.41% and reached a minimum at T3 in S2 L. lucidus root. No significant changes were observed of the TPC in S1 L. lucidus root during the harvesting period, while it first decreased by 17.12% and then increased by 10.42% in S2 L. lucidus root. In addition, the TPC of S1 L. lucidus root was higher than that in S2 L. lucidus root.
In the present study, the phenolic compounds were identified by comparing peak retention time, ESI-MS and NMR spectroscopic data with standard compounds or published data in the literature and the results are shown in Figure 1 and Table 3 . Comparing with the retention time, UV and mass data of the authentic standard compounds, peak 1, 4 and 6 were identified as caffeic, rosmarinic, and protocatechuic acid, respectively. Comparing with the mass data in the literature, [39] [40] [41] peak 5, 7, and 8 were identified as rosmarinic acid methylester, protocatechualdehyde and Danshensu. The molecular formula of peak 2 was determined to be C 18 H 19 NO 4 based on the 1 H and 13 C NMR and ESI-MS data. The 13 C NMR spectrum and DEPT revealed the presence of 18 carbon signal including one CH 3 , two CH 2 , nine CH and six C. (4) rosmarinic acid, (5) rosmarinic acid methylester, (6) protocatechuic acid, (7) protocatechualdehyde, and (8) [42] peak 2 was consequently identified as N-trans-feruloyl tyramine. The molecular formula of compound 3 was determined to be C 15 H 12 O 6 based on the 1 H and 13 C NMR and ESI-MS data. The NMR spectra of compound 3 exhibited 15 carbons and 8 aromatic protons, of which 9 carbons and 5 protons were assigned to the caffeic acid unit and the remaining 6 carbons and 3 protons to an oxygenation-aromatic ring. HMQC and HMBC correlations established the 1ʹ, 3ʹ, 4ʹ-oxygenation patterns of the ring. The linkage between the caffeic acid unit and the ring was deduced from the downfield shifts of δ 168.9 (C-9) and δ 129.4 (C-1ʹ). The full assignments of the protons and carbons were achieved by a combination of 1 H, 13 C, COSY, HMQC, and HMBC experiments. The structure of peak 3 was determined as 3, 4-dihydroxyphenyl caffeate. [43] The changes in phenolic compounds in L. lucidus root during the harvesting period were investigated and the results are presented in Table 4 . Rosmarinic acid, rosmarinic acid methylester, and N-trans-feruloyl tyramine were the major phenolic compounds in FP. Caffeic and rosmarinic acids were the major phenolic compounds in ICP. As can be seen from the table, the variations of the phenolic compounds in L. lucidus root during the harvesting period are different. For example, protocatechuic acid were decomposed, N-trans-feruloyl tyramine and rosmarinic acid methylester were synthesized, and caffeic acid, protocatechualdehyde and Danshensu remained stable. Table 4 . Content of the phenolic compounds (mg/g DW) in L. lucidus root at different harvest times.
Site S1 S2
Harvest time  T1  T2  T3  T1  T2  T3 The key enzyme for phenolic metabolism is PAL; it catalyses the reductive deamination of L-phenylalanine to form cinnamic acid. [44] Further enzymes including C4H, 4-coumaric acid CoA -ligase (4CL), chalcone synthase (CHS), or chalcone isomerase of the starting phase of the major phenylpropanoid pathway were also involved in phenolic biosynthesis. The other key enzyme for phenolic metabolism is TAT; it catalyses the reductive deamination of L-tyrosine to form 4-hydroxyphenylpyruvic acid (pHPP), which is then reduced to 4-hydroxyphenyllactic acid (pHPL) by hydroxyphenylpyruvate reductase (HPPR). [45] The two intermediate precursors of 4-coumaroylCoA produced in phenylpropanoid pathway and 4-hydroxyphenyllactic acid are coupled by ester formation with release of coenzyme A and 4-coumaroyl-4ʹ-hydroxyphenyllactic acid (4C-pHPL) is formed. [45] The reaction is catalysed by rosmarinic acid synthase (RAS) and 4C-pHPL further transforms to rosmarinic acid by cytochrome P450-dependent monooxygenase reactions. [45] The enzymatic activity of PAL, TAT, C4H, and PPO in L. lucidus root at different harvest times is presented in Figure 2 . The PAL activity increased continuously by 1.05-fold and 51.86% to the maximum at T3 in S1 and S2 L. lucidus root, respectively. The TAT activity first increased by 57.88% to the highest level at T2 and then decreased by 25.99% in S1 L. lucidus root, while it increased continuously by 13.90% at T3 in S2 L. lucidus root. The C4H activity first decreased by 71.69% and 29.03% to the lowest level at T2 and then increased by 69.16% and 48.94% in S1 and S2 L. lucidus root, respectively. In contrast, the PPO activity first increased by 9.69% and 4.49-fold to the highest level at T2 and then decreased by 39.94% and 52.21% in S1 and S2 L. lucidus root, respectively. As a whole, the enzymatic activity of PAL, TAT, and C4H in L. lucidus root collected in S2 was higher than that in L. lucidus root collected in S1, whereas the PPO activity in L. lucidus root collected in S2 was lower than that in L. lucidus root collected in S1.
It has been reported that various factors such as irradiation, nutrient deficiencies, wounding, lower temperature stress, herbicide, and regulator treatment along with viral, fungal and insect attacks can increase PAL synthesis or PAL activity, or induce secondary metabolites through the phenylpropanoid pathway in various plants. [44, 46] The TAT activity can also be influenced by ultraviolet irradiation, heavy metal salts, methyl jasmonate, and fungi extracts. [26] Therefore, the complex changes in the enzymatic activity in L. lucidus root at different harvest times were closely related to the soil, fertilization, cultural practices, herbicide and regulator treatment, climate, The correlation analysis between the phenolics and PAL, TAT, C4H, and PPO activity was performed and the correlation coefficients (R) are shown in Table 5 . There was no significant correlation between the phenolics and the enzymatic activity except for ICP and C4H, as well as protocatechualdehyde and TAT. The enzymes of the general phenylpropanoid pathway (PAL, C4H, 4CL) are ubiquitous in land plant and represent branch points in formation of various secondary metabolites, such as flavonoids, lignin, chlorogenic acid and anthocyanin. Flux of metabolites through this pathway is diverted to numerous products. TAT is a primary enzyme as well because it forms pHPP that is needed for the biosynthesis of tocopherols and plastoquinones. PPO can oxidize phenolics to quinines. Due to their multiple roles in the secondary metabolic network, the levels of different phenolic compounds in plant materials are the result of combined action of various enzymes. Some authors reported that rosmarinic acid accumulation was correlated to the TAT activity but not PAL activity. [47] While others found that rosmarinic acid accumulation was correlated to PAL activity but not TAT activity. [26] In the present study, rosmarinic acid was more correlated to PAL activity. This inconsistency could be attributed to the divergence of plant materials. Additionally, no significant correlations were observed among PAL, TAT, C4H, and PPO activity (Table 5) .
DNA damage protective activity at different harvest times
The efficiency of phenolic extracts (100 μg GAE/mL) from L. lucidus root in preventing oxidative damage of DNA induced by peroxyl radical was also evaluated. The plasmid DNA was mainly of the supercoiled form in the absence of AAPH) ( Figure 3A, lane 1) . During the addition of AAPH, the supercoiled form of DNA converted into the open circular form ( Figure 3A , lane 2) indicating that ROO· radical generated from thermal decomposition of AAPH caused single-strand DNA breakage.
The protective activity assayed herein on ROO· radical-induced DNA damage was expressed as % supercoiled form for comparison. Differences in DNA damage protective activity among the phenolic extracts were observed ( Figure 3A, lanes 3-14) . The % supercoiled form values for FP and ICP ranged from 87.47 to 91.00 and 6.47 to 59.30, respectively ( Figure 3B ). These data indicated that the FP exhibited higher protective activity against ROO· radical-induced DNA strand breakage than that of ICP, which could be due to the presence of different phenolic compounds in FP and ICP. The correlation analysis between the DNA damage protective effect and the content of individual phenolic compound was performed. In FP fraction, significant positive correlation was found between caffeic acid and DNA damage protective effect (R = 0.854, p < 0.05). In ICP fraction, significant negative correlation was observed between protocatechuic acid, protocatechualdehyde, and Danshensu (R = −0.837, p < 0.05; R = −0.920, p < 0.01; and R = −0.865, p < 0.05, respectively). Phenolic compounds might contribute to DNA damage protective activity individually or through synergic effects. Besides, the unidentified phenolics and non-phenolic constituents present in the phenolic extracts may also be responsible for the DNA damage protective activity. Furthermore, the DNA damage protective activity of FP was higher than that of Trolox (% supercoiled form value 87.11).
Conclusion
In summary, the nutritional profiles, phenolics, and DNA damage protective effect of L. lucidus root were found to vary greatly with the collecting site and harvest time. Different changing patterns were observed of moisture, crude fat, crude fibre, sugars, vitamins, fatty acid composition, and phenolics during the harvesting period. The effect of harvest site on these parameters was also different. Eight phenolic compounds were identified in L. lucidus root and rosmarinic acid was the most abundant one. There was no significant correlation between phenolics and PAL, TAT, C4H, and PPO activity except for ICP and C4H, and protocatechualdehyde and TAT. The FP exhibited higher protective activity against ROO· radical-induced DNA strand breakage than that of ICP. The variations of these parameters may significantly affect the nutritional quality and processing characteristics of L. lucidus root. As a result, the L. lucidus root should be harvested at appropriate time according to the requirement of nutrition and processing while consuming L. lucidus root.
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The authors gratefully acknowledge the financial supports by National Natural Science Foundation of China (31301455) and Doctoral Scientific Research Project of Dali University (KYBS201303). Figure 3 . DNA damage protective activity of phenolic extracts from L. lucidus root harvested at different times. (A) Protective activity of phenolic extracts against ROO· radical-induced DNA damage. Lane 1, the native DNA; Lane 2, the DNA treated with AAPH; Lanes 3-5, the DNA treated with FP from T1, T2, and T3 L. lucidus root collected in S1, respectively; Lanes 6-8, the DNA treated with FP from T1, T2, and T3 L. lucidus root collected in S2, respectively; Lanes 9-11, the DNA treated with ICP from T1, T2 and T3 L. lucidus root collected in S1, respectively; Lanes 12-14, the DNA treated with ICP from T1, T2 and T3 L. lucidus root collected in S2, respectively; Lane 15, the DNA treated with Trolox. (B) Densitometric quantification of the protective activity of phenolic extracts and Trolox against ROO· radical-induced DNA damage. Data represent mean ± SD for n = 3. Different lowercase letters indicate statistically significant differences between the means (p < 0.05) for % supercoiled form.
